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(54) Positive resist composition 

(57) A non-chemically enhanced type positive resist composition comprising an alkali-soluble novolak resin, a qui- 
nonediazide type sensitizer and at least one of the following compounds (a) and (b): 

(a) an acid-generator which is decomposed by the action of an alkali developer and generates an acid, and 

(b) compounds represented by the following formula (IV) or (V): 
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wherein each of R\ R 2 , R 3 , R 4 , R 5 . R 6 , R 7 and R 8 independently represents hydrogen, halogen, hydroxy, alkyl. 
alkoxy, aryl or nitro, each of R 9 and R 10 independently represents hydrogen, halogen, alkyl, aryl, nitro, a group of - 
(CH 2 ) n -OR 11 or a group of -(CH 2 ) n -COOR 12 in which R 11 represents hydrogen, alkyl, aryl or alkanoyl and R 12 rep- 
resents hydrogen, alkyl or aryl, and n is a number from 0 to 3 and R 13 represents hydrogen, halogen, alkyl, alkoxy 
or aryl. 
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The present invention relates to a positive resist composition which is sensitized against radiation such as ultravi- 
olet radiation to provide a positive pattern, and is suitable to be used for production of a semiconductor. 

5 A positive resist comprising a novolak resin as an alkali -soluble component and a quinonediazide compound as a 

radiation sensitive component gives a positive image by irradiation through a mask (so-called patterning light exposure) 
and alkali developing, utilizing a phenomenon that the quinonediazide compound is decomposed by the action of the 
radiation to generate a carboxyl group and the quinonediazide compound turns from alkali-insoluble to alkali-soluble. 
Such a novolak/quinonediazide type positive resist is often used in production of an integrated circuit since it generally 

w gives good resolution. 

Recently, production of an integrated circuit requires to perform submicron pattern forming, with the progress of 
higher integration which requires more minute circuits. As a result, there is required a positive resist having not only 
good resolution but also good focus depth. Improvement of resolution can be attained by increasing the amount of radi- 
ation sensitive component. However, increase of the amount of radiation sensitive component makes radiation absorp- 

15 tion of the resist increase and often causes film thickness reduction when being out of focus. Therefore, it has been 
difficult to improve resolution and focus depth simultaneously. 

Good profile (pattern form) is also required for a positive resist. That is, for a pattern becoming more minute, round 
shape of the top surface of a pattern and a slope between the top and the bottom of a pattern have become to cause 
such problems that the pattern of the mask used in the light exposure can not be accurately transcribed onto the pattern 

20 formed by resist. Therefore, there is required a positive resist composition which improves these defects and provides 
good profile. 

Profile can be improved easily by enhancing transparency of a resist, concretely, by reducing the amount of radia- 
tion sensitive component. However, when reducing the amount of radiation sensitive component, resolution generally 
decreases. Profile can also be improved by enhancing the hydrophobicity of a novolak resin. However, when the hydro- 
ps phobicity of a novolak resin is enhanced, the sensitivity of the resist generally decreases. In this way, it has been difficult 
to improve profile without lowering sensitivity and resolution. 

An object of the present invention is to provide a positive resist composition exhibiting improved resolution and 
focus depth and their good balance. 

Another object of the present invention is to provide a positive resist composition exhibiting good profile without low- 
30 ering sensitivity and resolution, i.e. excellent in the balance of sensitivity, resolution and profile. 

These objects could be achieved on the basis of the finding that sensitivity as well as focus are improved by incor- 
porating a specific compound into a positive resist composition comprising a novolak resin as an alkali-soluble compo- 
nent and a quinonediazide compound as a radiation sensitive component. It has also been found that profile is 
remarkably improved without lowering sensitivity and resolution by incorporating an acid generator into a positive resist 
35 composition comprising a novolak resin as an alkali -soluble component and a quinonediazide compound as a radiation 
sensitive component. 

The present invention provides a non-chemically enhanced type positive resist composition comprising an alkali- 
soluble novolak resin, a quinonediazide type sensitizer and at least one of the following compounds (a) and (b): 

40 (a) an acid-generator which is decomposed by the action of an alkali developer and generates an acid, and 
(b) compounds represented by the following formula (IV) or (V): 
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wherein each of R 1 , R 2 , R 3 . R 4 , R 5 , R 6 , R 7 and R 8 independently represents hydrogen, halogen, hydroxy, alkyl, 
alkoxy, aryl or nitro, each of R 9 and R 10 independently represents hydrogen, halogen, alkyl, aryl, nitro, a group - 
(CH^-OR 1 1 or a group -(CH 2 ) n -COOR 12 in which R 11 represents hydrogen, alkyl, aryl or alkanoyl and R 12 repre- 
sents hydrogen, alkyl or aryl, and n is a number from 0 to 3 and R 13 represents hydrogen, halogen, alkyl, alkoxy or 
aryl. 



The positive resist composition of the present invention comprises an alkali-soluble novolak resin, a quinonediazide 
type sensitizer and is a non-chemically enhanced type positive resist composition. Therefore, the positive resist com- 
position of the present invention is not a chemically enhanced type positive resist and does not need to comprise a com- 
pound which become soluble by the action of an acid, for example an alkali soluble resin in which at least a part of its 

30 functional group, such as a hydroxy group, is protected by a group which is removable by the action of an acid. 

An alkali-soluble novolak resin which is generally used as an alkali-soluble component of an usual positive resist 
can be used as the alkali-soluble novolak resin of the positive resin composition of the present invention. The alkali-sol- 
uble novolak resin used in the present invention can be obtained by condensation of a phenol compound with an alde- 
hyde in'the presence of an acid catalyst. Examples of the phenol compound used in the production of a novolak resin 

35 include phenol, o-, m- or p-cresol, 2,3-, 2,5-, 3,4- or 3,5-xy!enol, 2,3,5-trimetylphenol, 2-, 3- or 4-tert-butylphenol, 2-tert- 
butyl-4- or -5-methylphenol, 2-, 4- or 5-methylresorcinol, 2-, 3- or 4-methoxyphenol, 2,3-, 2,5- or 3,5-dimethoxyphenol, 
2-methoxyresorcinol, 4-tert-butylcatechol, 2-, 3- or 4-ethylphenol, 2,5- or 3,5-diethylphenol, 2,3,5-triethylphenol. 2- 
naphthol, 1 ,3-, 1 ,5- or 1 ,7-dihydroxynaphthalene, and polyhydroxytriphenylmethane compound obtained by condensa- 
tion of xylenol with hydroxybenzaldehyde. These phenol compounds can be used alone or in combination of two or 



Examples of the aldehyde used in the production of a novolak resin include aliphatic aldehydes such as formalde- 
hyde, acetaldehyde, propionaldehyde, n-butyl aldehyde, isobutylaldehyde, pivalaldehyde, n-hexylldehyde, acrolein and 
crotonaldehyde; alicyclic aldehydes such as cyclohexanealdehyde, cyclopentanealdehyde, furfural and furylacrolein; 
aromatic aldehydes such as benzaldehyde, o-, m-or p-methylbenzaldehyde, p-ethylbenzaldehyde, 2,4-, 2,5-, 3,4-or 3,5- 
45 dimethylbenzaldehyde, o-, m- or p-hydroxybenzaldehyde, o-, m- or p-anisaldehyde and vanillin; and aromatic aliphatic 
aldehydes such as phenylacetaldehyde and cinnamaldehyde. These aldehydes can also be used alone respectively or 
in combination of two or more. Among these aldehydes, formaldehyde is preferably used because of industrial availa- 
bility thereof. 

Examples of the acid catalyst used for the condensation of a phenol compound with an aldehyde include inorganic 
so acids such as hydrochloric acid, sulfuric acid, perchloric acid and phosphoric acid; organic acids such as formic ad, 
acetic acid, oxalic acid, trichloroacetic acid and p-toluenesulfonic acid; and divalent metal salts such as zinc acetate, 
zinc chloride and magnesium acetate. These acid catalyst can be also used alone respectively or in combination of two 
or more. The condensation reaction can be conducted according to a conventional manner, and for example, can be 
conducted at a temperature from 60 to 120°C for 2 to 30 hours. 
55 The novolak resin obtained by condensation is preferably subjected to treatment such as fractionation so that the 
ratio of the area of components having a molecular weight of not more than 1000 in gel permeation chromatography 
(GPC) pattern to the area of the total pattern except unreacted phenol compound is not more than 25%, more prefera- 
bly not more than 20%. Here, the pattern area is obtained by GPC using a 254 nm UV detector, and the molecular 
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weight means a molecular weight converted as polystyrene. 

It is also effective to add an alkali-soluble phenol compound having a molecular weight of not more than 1000 to 
the novolak resin of which content of higher molecular weight components has thus been increased. As the alkali-sol- 
uble phenol compound having a molecular weight of not more than 1000, a compound having at least two phenol 
5 hydroxyl groups in a molecule is preferable, and examples thereof include compounds described in JP-A-2-275955 
(=US-A-5,456,995 +US-A-5.456.996) and JP-A-2-2560. It is preferable that the alkali-soluble phenol compound is con- 
tained in an amount from 3 to 40% by weight based on the total amount the novolak resin and the alkali phenol-based 
compound. 

The quinonediazide type sensitizer used in the present invention may be a conventional agent which is generally 
70 used as a sensitizer of a positive resist composition, and usually is an o-quinonediazide sulfonate of a compound hav- 
ing a phenol hydroxyl group. The sensitizer is preferably 1,2-naphtoquinonediazide-5- or -4-sulfonate or 1,2-benzoqui- 
nonediazide-4-sulfonate of a polyhydroxyl compound having at least three phenol hydroxyl groups. These ester can be 
produced by reacting a compound having phenol hydroxyl groups with an o-quinonediazide sulfonic acid halide in the 
presence of a base such as triethylamine. The o-quinonediazide sulfonic halide is particularly preferably a 1 ,2-naphtho- 
is quinonediazide-5-sulfonic acid chloride. These quinonediazide type sensitizers can be used alone respectively or in 
combination of two or more. It is preferable that the sensitizer is contained in an amount usually from 10 to 100% by 
weight, more preferably from 10 to 50% by weight, based on the total amount of the novolak resin and the above- 
described alkali-soluble phenol compound optionally used. 

The positive resist composition of the present invention comprises 

20 

at least one of the following compounds (a) and (b): 



(a) an acid-generator, and 

(b) compounds represented by the formula (IV) or (V). 

25 

in addition to the alkali-soluble novolak resin and the quinonediazide type sensitizer. 



The acid generator is a compound which is decomposed by the action of an alkali developer and generates an acid. 
By incorporating the acid generator in a positive resist composition comprising the alkali-soluble novolak resin and the 

30 quinonediazide type sensitizer, improved profile can be obtained without lowering sensitivity and resolution of the resist. 
Examples the acid generator include ester compounds, such as carboxylates or sulfonates, amide compounds, such as 
carboxylic acid amides or sulfonamides, and compounds having a diazomethanedisulfonyl bone. As the amide com- 
pound, a tertiary amide is preferred. As the ester compound and the amide compound, a compound having a cyclic 
structure, such as a dicarboxyimide bone and benzene nucleus, is preferred. It is preferable that products generated by 

35 decomposition of the acid generator are alkali-soluble. 

Specific examples of the acid generator which is suitably used in the present invention include compounds repre- 
sented by the following formula (I), (II) or (III): 
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wherein X represents a divalent hydrocarbon group, Y represents a direct bond or an oxygen atom, Z represents* 
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35 

R represents an alkyl which may be optionally substituted by alkoxy, halogen or nitro, alicyclic hydrocarbon residue, aryl 
which may be optionally substituted by alkyl, alkoxy, halogen or nitro, araikyl which may be optionally substituted by 
alkyl, alkoxy, halogen or nitro. or camphor group. 

40 Examples of the divalent hydrocarbon group represented by X in the formula (I) include alkylene, alkenylene, diva- 
lent group of alicyclic hydrocarbon and arylene. The alkylene includes, for example, an alkylene having 1 to 6 carbon 
atoms, and it may be straight chain or branched. Specific examples of the alkylene include ethylene, propylene and tri- 
methylene. The alkenylene includes, for example, an alkenylene having 2 to 4 carbon atoms, and it may be straight 
chain or branched. Specific examples of the alkenylene include vinylene. The divalent group of an alicyclic hydrocarbon 

45 includes, for example, a monocyclic group such as 1 ,2-cyclohexylene and a crosslinked polycyclic group such as 5-nor- 
bornene-2,3-diyl. The arylene includes, for example, a phenylene and a naphthylene, and these phenylene and naph- 
thylene may have a substituent such as an alkyl. The phenylene is usually 1 ,2-phenylene, and the naphthylene is 
usually 1,2-, 2,3- or 1 ,8-naphthylene. 

Examples of the preferable compound represented by the formula (I) include the compounds represented by the 

so following formula (la) or (lb): 
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(lb) 



O 



wherein Y and Z are as defined above. 

R in Z in the formulae (I), (la), (lb) and (II) and R in the formula (III) represents an alkyl, alicyclic hydrocarbon resi- 

25 due, aryl, aralkyl or camphor group. 

The alkyl group represented by R includes, for example, a compound having 1 to 10 carbon atoms, and may be 
unsubstituted or substituted, and in the case of a compound having 3 or more carbon atoms, it may be straight chain or 
branched. Example of the substituent of the alkyl include an alkoxy (preferably having 1 to 4 carbon atoms), halogen 
such as fluorine, chlorine and bromine, and nitro. The alicyclic hydrocarbon residue means a monovalent group derived 

30 from a hydrocarbon having a alicyclic ring, and may be monocyclic or crosslinked polycyclic. Specific examples thereof 
include monocyclic groups such as cyclohexyl and cyclohexy (methyl, and polycyclic groups such as adamantyl 
(namely, a monovalent group derived from adamantane, especially 1 -adamantyl). The aryl group includes, for example, 
phenyl, naphthyl or anthryl, and these phenyl, naphtyl and anthryl may be respectively unsubstituted or substituted. 
Examples of the substituent of the phenyl, naphthyl or anthryl include an alkyl (preferably having 1 to 4 carbon atoms), 

35 alkoxy (preferably having 1 to 4 carbon atoms), halogen such as fluorine, chlorine and bromine and nitro. The aralkyl 
group includes, for example, benzyl or phenetyl. An aromatic ring moiety in these aralkyl groups may also have a sub- 
stituent such as an alkyl, alkoxy, halogen and nitro. The camphor group means a monovalent group derived from cam- 
phor. In particular, a 10-camphor group, namely a group obtained, for example, by removing a sulfonic acid group from 
10-camphorsulfonic acid, is preferred. 

40 A certain kind of the above-described acid generator can also be used in a so-called chemically enhanced type 
positive resist composition, in which the acid generator is decomposed by the action of radiation ray used for patterning 
light exposure. However, since the positive resist composition of the present invention is not a chemically enhanced 
type positive resist, the acid generator used in the present invention is not required to manifest sensitizing property 
against the radiation used for patterning light exposure and may be a compound which is decomposed by an alkali 

45 developer used in developing after patterning light exposure and generates an acid. The acid generator used in the 
present invention may be exist in an amount to act as a solution promoting agent. It is generally preferable that the 
amount of the acid generator is from 0.5 to 20% by weight based on the total solid amount in the resist composition. 
When this amount is too small, the effect of the present invention becomes insufficient, and when the amount is too 
large, non-exposed parts are easily dissolved in an alkali developer, therefore profile may become poor. 

so The compounds represented by the formulae (I) to (III) can be produced according to a known method. Some of 
them are commercially available, which can be used without any treatment. For example, a compound represented by 
the formula (I) in which Y represents a direct bond can be produced by condensation of a corresponding dicarboxyimide 
such as succinimide and 5-nonbornene-2,3-dicarboxyimide with sulfonyl chloride or carbonyl chloride represented by a 
formula : Cl-Z (wherein, Z is as defined above) in the basic condition. Further, an compound represented by the formula 

55 (I) in which Y represents an oxygen atom can be produced by condensation of a corresponding N-hydroxydicarboxyim- 
ide such as N-hydroxysuccinimide and N-hydroxy-5-nonbornene-2, 3 -dicarboxyimide with the above-described sulfonyl 
chloride or carbonyl chloride in the basic condition. The ester compound represented by the formula (II) can be pro- 
duced by condensation of catechol with the above-described sulfonyl chloride or carbonyl chloride in the basic condi- 
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tion. Further, the compound represented by the formula (III) can be produced by reacting a compound represented by 
the formula: R-SH with methylene chloride in the presence of an oxidizing agent to form RS02CH 2 S0 2 R. followed by 
diazotizing this compound by p-toluenesulfonylazide and the like. Commercially available products of the compound 
represented by the formula (III) can also be used without any treatment. 
5 Specific examples of the compound represented by the formula (la) include the following compounds. 

w 
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Specific examples of the compound represented by the formula (lb) include the following compounds. 
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Specific examples of the ester compound represented by the formula (II) include the following compounds. 

o 



oso 2 CH 2 -^Hh) ^oso 2 hQ-ch 3 

^\)SQ 2 CH 2 (T^> ^ OS0 2 -^-CH 3 



0 (41) (42) 



Specific examples of the diazomethanedisulfonyl compound represented by the formula (III) include the following 
45 compounds. 



so 
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20 By incorporating a compound represented by the formula (IV) or (V) in a positive resist composition comprising 
alkali-soluble novolak resin and the quinonediazide type sensitizer, there is provided a further excellent resolution with- 
out lowering focus depth. It is preferable that the compound represented by the formula (IV) or (V) is incorporated in an 
amount generally from 0.01 to 5% by weight based on the total solid amount in the resist composition. 
In the definition of the above-described (IV) and (V), 

25 

examples of the halogen include fluorine, chlorine and bromine; 

examples of the alkyl group include an alkyl group having 1 to 6 carbon atoms; 

examples of the alkoxy group include an alkoxy group having 1 to 6 carbon atoms; 

examples of the alkanoyl group include an alkanoyl group having 2 to 6 carbon atoms including the carbon atoms 
30 of its carbonyl part, and examples of the aryl group include phenyl, naphthyl and anthryl. To an aromatic ring such 
as phenyl, naphthyl and anthryl ring constituting the aryl group may be substituted with one or more substituent 
such as alkyl, alkoxy, hydroxy, carboxyl, halogen and nitro. 

Among the above-described compound represented by the formula (IV) or (V), anthracene compounds repre- 
ss sented by the formula (IV) are preferred. Particularly preferable examples thereof include unsubstituted anthracene, 
and anthracenes having a substituent at least at 2 and/or 9 positions, which may further have a substituent at other 
position. Specific examples of anthracenes which have a substituent at 2 and/or 9 positions includethe following com- 
pounds: 

40 9-anthracenemethanoi 

9-anthracenemethanol acetate 

9-anthracenecarboxylic acid 

2-methylanthracene 

2-ethylanthracene 
45 2-t-butylanthracene 

2-metyl-9, 1 0-dimethoxyanthracene 

2-metyl-9, 1 0-diethoxyanthracene 

2-etyl-9, 1 0-dimethoxyanthracene 

2-etyl-9, 1 0-diethoxyanthracene 
so 2-t-butyl-9,1 0-dimethoxyanthracene 

2-t-butyl-9,1 0-diethoxyanthracene 

2,3-dimethyl-9, 1 0-dimethoxyanthracene 

4-(9-anthrylcarbonyloxy) benzoic acid 

4-(9-anthrylcarbonyloxy)-3-hydroxy benzoic acid 
55 1 ,4,9,1 0-anthracenetetrol, and 

4,9, 1 0-tri hydroxy- 1 -anthryl 9-anthracene carboxylate. 

The positive resist composition of the present invention may comprises one of (a) an acid-generator and (b) com- 
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pounds represented by the formula (IV) or (V), or may comprises both of (a) and (b). 

The above-described components in the positive resist composition of the present invention are usually dissolved 
in a solvent to prepare a resist solution. The solution thus obtained is applied on a substrate such as a silicon wafer. A 
solvent which dissolves the above-described components, has suitable drying speed, and provide a uniform and 
5 smooth coated film after evaporation of the solvent, may be used for preparing the resist solution. A solvent usually 
used in this technical field can be used for preparing the resist solution. Examples thereof include glycol ether esters 
such as ethylcellosolve acetate, methylcellosolve acetate, propylene glycol monomethyl ether acetate and propylene 
glycol monoethyl ether acetate; glycol ethers such as ethyl cellosolve. methyl cellosolve, propylene glycol monomethyl 
ether and propylene glycol monoethyl ether; esters such as ethyl lactate, butyl acetate, amyl acetate and ethyl pyruvate; 
w ketones such as 2-heptanone and cyclohexanone; and cyclic esters such as y-butyrolactone. These solvents can be 
used alone respectively or in combination of two or more. 

The resist composition of the present invention can contain a small amount of additives usually used in this techni- 
cal field such as resins other than a novolak resin, dyes, and surface active agents. 

The resist film formed by applying the resist solution on a substrate is irradiated with a radiation through a mask for 
75 patterning and then is developed with an alkali developer. The alkali developer used herein can be various alkaline 
aqueous solutions used in this field, and generally an aqueous solution of tetramethylammonium hydroxide is used. 

The following examples further illustrate the present invention in detail but are not to be construed to limit the scope 
thereof. In the examples, all "parts" are by weight unless otherwise indicated. Molecular weights were measured by 
GPC and were converted to polystyrene. 

20 

Examples 1 to 24 and Comparative Example 1 

(a) Preparation of Novolak resin A 

25 M-cresol/p-cresol/formaldehyde were reacted according to a conventional method under reflux in the presence of 
a oxalic acid catalyst at a molar ratio of 40/60/80, then the mixture was fractionated to obtain a novolak resin (hereinaf- 
ter referred to as novolac resin A). Novolak resin A has a weight-average molecular weight of 8000. The area ratio of its 
GPC pattern area corresponding to the component having a molecular weight of not more than 6000 and the pattern 
area corresponding to the component having a molecular weight of not more than 1000 to the total pattern area except 

30 the pattern area of a unreacted cresol is 34% and 15% respectively. 

(b) Preparation of Quinonediazide type sensitizer C 

2,4 ) 4-trimethyl-2 , ,4\7-trihydroxyflavan having a structure represented by the following formula: 

35 



40 




CH 3 CH 3 

45 

and 1 ,2-naphthoquinonediazide-5-sulfonic acid chloride were reacted at a molar ratio of 1 :2.4 to obtain a condensate 
(hereinafter referred to as sensitizer C). 

(c)Acid generator 

50 

The following compounds were used. £ach number corresponds to the number of the previously exemplified com- 
pound. 

( 1 ) N-( 1 0-camphorsulfonyloxy)succinimide 
55 (3) N-(p-methylphenylsulfonyloxy)succinimide 

(4) N-(o-methylphenylsulfonyloxy)succinimide 
(10) N-(p-chlorophenylsulfonyloxy)succinimide 
(15) N-(1 -naphtylsulfonyloxy)succinimide 
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(16) N-(trifluoromethylsulfonyloxy)succinimide 

(17) N-(n-butylsuIfonyloxy)succinimide 

(18) N-(n-hexylsulfonyloxy)succinimide 

(19) N-(chloromethylsulfonyloxy)succinimide 
5 (21) N-(cyclohexylsulfonyloxy)succinimide 

(22) N-(cyclohexylmethylsulfonyloxy)succinimide 

(23) N-(1 0-camphorsulfonyl)succinimide 

(24) N-(pivaroyloxy)succinimide 

(25) N-(cyclohexylcarbonyloxy)succinimide 

w (26) N-(l-adamantanecarbonyloxy)succinimide 

(27) N-(9, 1 0-dimethoxy-2-anthrylsulfonyloxy)succi nimide 

(31) N-(methylsulfonyloxy)-5-norbornene-2,3-dicarboxyimide 

(32) N-(n-butylsulfonyloxy)-5-norbornene-2 t 3-dicarboxyimide 

(33) N-(1 0-camphorsulfonyloxy)-5-norbornene-2,3-dicarboxyimide 
75 (41 ) 1 ,2-phenylene bis(1 0-camphorsulfonate) 

(52) bis(2,4-dimethylpheny!suIfonyl)dia2omethane 

(53) bis(cyclohexylsulfonyl)diazomethane 

(d)Preparation of resist solution and evaluation 

20 

10 Parts of Novolak resin A, 3.5 parts of Sensitizer C, 5 parts of 4 1 4'-(2-hydroxybenzylidene)di-2,6-xylenol as an 
additive and 45 parts of 2-heptanone as a solvent were mixed. To this solution was added an acid generator shown in 
Table 1 . Then, the mixture was filtered through a 0.2 fluorine resin filter to prepare a resist solution, The amount of 
the acid generator in Table 1 is represented by % by weight based on the total solid amount in thejesist solution before 
25 addition thereof. 

Onto a silicon wafer treated with hexamethyldisalazane (HMDS) was spin-coated the resist solution obtained above 
so that the film thickness after drying became 1 .06 jum. Prebaking was conducted on a direct hot plate at a temperature 
of 90°C for 60 seconds. Thus obtained wafer on which a resist film had been formed was irradiated through a line and 
space pattern with changing the irradiation amount gradually using an i-line stepper ( "NSR 2005i9C M manufactured by 
30 Nikon Corp., NA=0.57, a=0.60). Then, on a hot plate, post exposure baking was conducted at a temperature of 1 10°C 
for 60 seconds, followed by conducting paddle developing for 60 seconds using a 2.38% by weight tetramethylammo- 
nium hydroxide aqueous solution. The pattern after the developing was observed by a scanning electron microscope, 
and the effective sensitivity, resolution and profile thereof were evaluated as follows and the results are shown in Table 
1. 

35 

Effective sensitivity: It was represented by exposure amount when the cross section of 0.50 jim line and space pat- 
tern was 1:1. 

Resolution: it was represented by the minimum line width of line and space pattern which was resolved at the light 
exposure amount of the effective sensitivity. 
40 Profile: It was represented by the ratio (T/B) of the width of the top (T) and the width of the bottom (B) of line part 
of 0.50 jam line and space pattern at the effective sensitivity. When T/B is nearer to 1 , profile is rectangle and pat- 
tern form is better. 



45 • 



50 
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Table 1 



Example No. 


Acid generator 


Effective sensitivity 


Resolution 


Profile 


Example 1 


(1)/5% 


255 msec 


0.375 urn 


0.92 


Example 2 


(1)/2% 


265 msec 


0.40 urn 


0.88 


Example 3 


(1)/10% 


240 msec 


0.40 pm 


0.95 


Example 4 


(3)/5% 


250 msec 


0.375 jim 


0.93 


Example 5 


(4)/5% 


260 msec 


0.375 jim 


0.92 


Example 6 


(10VS% 


265 msec 


0.375 jim 


0.92 


Example 7 


(15)/5% 


255 msec 


0.375 jim 


0.92 


Example 8 


(16)/5% 


280 msec 


0.375 jim 


0.90 


Example 9 


(1 7)/5% 


250 msec 


0.375 jim 


0.92 


Example 10 


(18)/5% 


255 msec 


0.375 jim 


0.93 


Example 1 1 


(19)/5% 


255 msec 


0.375 j^m 


0.92 


Example 12 


(21)/5% 


255 msec 


0.375 *im 


0.92 


Example 13 


(22)/5% 


260 msec 


0.375 jim 


0.93 


Example 14 


(23)/5% 


* 245 msec 


0.40 urn 


0.88 


Example 15 


(24)/5% 


240 msec 


0.40 p,m 


0.90 


Example 16 


(25)/5% 


240 msec 


0.40 jim 


0.92 


Example 17 


(26)/5% 


240 msec 


0.40 urn 


0.92 


Example 18 


(27)/5% 


260 msec 


0.375 


0.94 


Example 19 


(31)/5% 


250 msec 


0.375 jim 


0.92 


Example 20 


(32)/5% 


255 msec 


0.375 


0.93 


Example 21 


(33)/5% 


255 msec 


0.375 jim 


0.93 


Example 22 


(41)/5% 


280 msec 


0.375 urn 


0.93 


Example 23 


(52)/5% 


280 msec 


0.375 jim 


0.92 ' 


Example 24 


(53)/5% 


270 msec 


0.40 jim 


0.92 


Comparative example 1 


None 


280 msec 


0.40 jim 


0.78 



Examples 25 to 36 

In these examples, the following compounds, included in theCcompounds represented by the formula (IV) or 
(V),(hereinafter referred to as sensitizing agent) were blended in addition to the acid generator to the positive resist 
compositin. 

A: 9-anthracenemethanol 
B: 9-anthracenemethanol acetate 
C: 9-anthracenecarboxy!ic acid 
D: anthracene 

E: 2-ethyl-9,1 0-dimethoxyanthracene 
F: 4-(9-anthrylcarbonyloxy)benzoic acid 
G: 2-methyl-9. 1 0-dimethoxyarrthracene 
H: 2-t-butyl-9,1 0-dimethoxyanthracene 
I: 2 -ethyl -9, 1 0-diethoxyanthracene 
J: 2-t-butylanthracene 
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K: phenothiazine 



10 Parts of Novolak resin A, 3.5 parts of Sensitizer C, 5 parts of 4,4'-(2-hydroxybenzylidene)di-2,6-xylenol as an 
additive and 45 parts of 2-heptanone as a solvent were mixed. To this solution were added the acid generator and an 
5 above-described compound as shown in Table 2, then the mixture was filtered through a 0.2 jim fluorine resin filter to 
prepare a resist solution. The amounts of the acid generator and the sensitizing agent were represented by % by weight 
based on the total solid amount in the resist solution before addition thereof. Using this resist solution, the formation of 
a resist film, forming of pattern and evaluation were conducted in the same manner as in Example 1 . The evaluation 
results are together shown in Table 2. 

w 

Table 2 





Examnle No 


Acid generator 


Sensitizing agents 


Effective sensitivity 


Resolution 


Profile 


15 


Example 25 


(1)/5% 


A/0.5% 


265 msec 


0.35 ^m 


0.92 




Example 26 


(1)/5% 


A/1.5% 


280 msec 


0.33 \im 


0.90 




Example 27 


(1)/5% 


B/1.5% 


280 msec 


0.32 urn 


0.90 




Example 28 


(1)/5% 


C/1 .5% 


255 msec 


0.35 urn 


0.93 


20 


Example 29 


(1)/5% 


D/1 .5% 


265 msec 


0.34 jim 


0.92 




Example 30 


(1)/5% 


E/1.5% 


280 msec 


0.32 urn 


0.93 




Example 31 


(1)/5% 


F/1.5% 


230 msec 


0.34 urn 


0.94 


25 


Example 32 


(1)/5% 


G/1.5% 


280 msec 


0.32 [im 


0.92 




Example 33 


(1)/5% 


H/1 .5% 


260 msec 


0.32 jam 


0.93 




Example 34 


(1)/5% 


1/1 .5% 


260 msec 


0.32 ^m 


0.93 




Example 35 


<1)/5% 


J/1.5% 


250 msec 


0.34 jim 


0.94 


30 


Example 36 


(1)/5% 


K/1.5% 


280 msec 


0.33 nm 


0.93 



Examples 37 to 56 and Comparative Example 2 to 3 



35 (a) Preparation of Novolak resin B 



According to the same manner as the preparation of Novolak resin A in Example 1 to 24 except for changing the 
molar ratio of M-cresol/p-cresol/formaldehyde to 60/40/80, Novolak resin B was prepared. 

40 (b) Preparation of Quinonediazide type sensitizer D 

2,4,4-trimethyl-2 , ,4',7-trihydroxyflavan and 1,2-naphthoquinonediazide-5-sulfonic acid chloride were reacted at a 
molar ratio of 1 :2.6 to obtain a condensate (hereinafter referred to as sensitizer D). 

45 (c) Sensitizing agent 

In addition to the sensitizing agents A - K used in Example 1 to 24, following sensitizing agents L - S were used: 



L: 4-(9-anthrylcarbonyloxy)-3-hydroxybenzoic acid 

so M: 4,9,10-trihydroxy-1-anthryl-9-anthracene carboxylate 

N: 1 ,4,9,10-anthracene tetrol 

O: 2-t-butyl-9, 1 0-diethoxyanthracene 

P: 2-methyl-9,1 0-diethoxyanthracene 

Q: 2,3-dimethyl-9,1 0-dimethoxyanthracene 

55 R: 2-methylanthracene 

S: 2-ethylanthracene 
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(d) Preparation of resist solution and evaluation 

Novolak resin A, Novolak resin B as shown in Table 3,3 parts of Sensitizer D, 4 parts of 4,4'-(2-hydroxybenzyli- 
dene)di-2,6-xylenol as an additive and the sensitizing agents as shown in Table 3 were mixed in 45 parts of 2-hep- 

5 tanone and dissolved. In Comparative examples, the sensitizing agents were not mixed. Then, the solution was filtered 
through a 0.2 \xm fluorine resin filter to prepare a resist solution. 

Onto a silicon wafer treated with hexamethyldisaiazane (HMDS) was spin-coated the resist solution obtained above 
so that the film thickness after drying became 0.85 urn. Prebaking was conducted on a direct hot plate at a temperature 
of 90°C for 60 seconds. Thus obtained wafer on which a resist film had been formed was irradiated through a line and 

10 space pattern with changing the irradiation amount gradually using an i-line stepper ( "NSR 2005i9C n manufactured by 
Nikon Corp., NA=0.57, <y=0.60). Then, on a hot plate, post exposure baking was conducted at a temperature of 1 10°C 
for 60 seconds, followed by conducting paddle developing for 60 seconds using a 2.38% by weight tetramethylammo- 
nium hydroxide aqueous solution. The pattern after the developing was observed by a scanning electron microscope, 
and the effective sensitivity, resolution and focus depth thereof were evaluated and the results are shown in Table 3. 

15 Effective sensitivity and resolution were evaluated as described in Example 1 to 24 and focus depth was evaluated as 
follows. 

Focus depth: It was represented by magnitude of the focus range wherein 0.40 urn line and space pattern can be 
resolved without film thickness reduction. 

20 
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Table 3 



20 



30 



No. 


Novolac resin A 
and B (part) 


Sensitizing 
agents (part) 


Effective sensitiv- 
ity (msec) 


Resolution (^m) 


Focus depth 
(nm) 


Example 












37 




A/5, B/5 


A/0.3 


300 


0.34 


1.4 


38 




A/6. B/4 


A/0.3 


250 


0.35 


1.2 


39 




A/6, B/4 


B/0.3 


310 


0.32 


1.6 


40 




A/4, B/6 


C/0.3 


290 


0.35 


1.2 


41 




A/5, B/5 


D/0.3 


280 


0.35 . 


1.2 


42 




A/6, B/4 


E/0.3 


300 


0.32 


1.6 


43 




A/7, B/3 


F/0.3 


310 


0.34 


1.2 


44 




A/7, B/3 


L70.3 


300 


0.34 


1.2 


45 




A/7, B/3 


M/0.3 


.320 


0.34 


1.2 


46 




A/7, B/3 


N/0.3 


290 


0.35 


1.2 


47 




A/6, B/4 


I/O. 3 


280 


0.33 


1.4 


48 




A/6, B/4 


O/0.3 


270 


0.34 


1.4 


49 




A/6, B/4 


H/0.3 


280 


0.33 


1.4 


50 




A/6. B/4 


G/0.3 


300 


0.33 


1.4 


51 




A/6, B/4 


P/0.3 


300 


0.33 


1.4 


52 




A/6, B/4 


Q/0.3 


300 


0.34 


1 .4 


53 




A/6, B/4 


R/0.3 


250 


0.35 


1.2 


54 




A/6, B/4 


S/0.3 


260 


U.oO 


1 .<£ 


55 




A/6, B/4 


J/0.3 


260 


0.35 


1.2 


56 




A/7, B/3 


K/0.3 


310 


0.35 


1.2 


Comparative 
example 












1 




A/5. B/5 


None 


260 


0.4 


0.6 


2 




A/6, B/4 


None 


310 


0.375 


0.8 



As mentioned above, by incorporating the acid generator in a positive resist composition comprising the alkali-sol- 
uble novolak resin and the quinonediazide type sensitizer, improved profile can be obtained without lowering sensitivity 
45 and resolution of the resist. Therefore, according to the present invention, profile can be improved remarkably without 
lowering various favorable properties such as sensitivity and resolution, in some case even improving these properties. 

As mentioned above, by incorporating a compound represented by the formula (IV) or (V) in a positive resist com- 
position comprising alkali -soluble novolak resin and the quinonediazide type sensitizer, there is provided a further 
excellent resolution without lowering focus depth. Therefore, according to the present invention, a positive resist com- 
so position excellent in the balance of various properties such as sensitivity, resolution, profile and focus depth can be pro- 
vided. 

Claims 

55 1 . A non-chemically enhanced type positive resist composition comprising an alkali -soluble novolak resin, a quinone- 
diazid type sensitizer and at I ast on of th following compounds (a) and (b): 

(a) an acid-generator which is decomposed by the action of an alkali developer and generates an acid, and 
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(b) compounds represented by the following formula (IV) or (V): 



R 8 R 9 R 1 

r7 v^v^^v r2 

R6 Yy/ R 3 

R 5 R 10 R 4 



CUD 



R8 f Rl 



R 13 

R^^^^Nv^R 2 

RS-V^S-V^R 3 
R 5 R 4 



(V) 



wherein each of R 1 , R 2 , R 3 , R 4 , R 5 . R 6 , R 7 and R 8 independently represents hydrogen, halogen, hydroxy, alkyl, 
alkoxy, aryl or nitro, each of R 9 and R 10 independently represents hydrogen, halogen, alkyl, aryl, nitro. a group 
-(CH 2 ) n -OR 11 or a group -(CH^n-COOR 12 in which R 11 represents hydrogen, alkyl, aryl or alkanoyl and R 12 
represents hydrogen, alkyl or aryl, and n is a number from 0 to 3 and R 13 represents hydrogen, halogen, alkyl, 
25 alkoxy or aryl. 

2. A positive resist composition consisting essentially of an alkali-soluble novolak resin, a quinonediazide type sensi- 
tiiar and at least one of the following compounds (a) and (b): 

30 (a) an acid-generator which is decomposed by the action of an alkali developer and generates an acid, and 

0 (b) compounds represented by formula (IV) or (V) defined in claim 1 . 

3. The positive resist composition according to Claim 1 or 2, wherein the acid-generator is an ester compound, amide 
compound or compound having a diazomethanedisulfonyl bone. 



The positive resist composition according to Claim 3, wherein the acid-generator is represented by the following for- 
mula (I), (II) or (III): 



45 



50 
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w 



15 



20 



25 



30 



35 



O 

x' N N-Y-Z (I) 

V 
ll 

o 




o-z 
o-z 



(I) 



O No O 
II ll ll 
R-S-C-S-R (H) 
ll ll 
O O 



wherein X represents a divalent hydrocarbon group, Y represents a direct bond or an oxygen atom, Z represents 

o 
ii 

-S-R or -C-R 
II II 
O O 



R represents an alkyl which may be optionally substituted by alkoxy, halogen or nitro, alicyclic hydrocarbon residue, 
aryl which may be optionally substituted by alkyl, alkoxy, halogen or nitro, aralkyl which may be optionally substi- 
40 tuted by alkyl, alkoxy, halogen or nitro. or camphor group. 

5. The positive resist composition according to Claim 1 wherein the amount of the acid -generator is from 0.5 to 20% 
by weight based on the total solid weight in the composition. 

45 6. The positive resist composition according to Claim 1 or 2 wherein the compound represented by formula (IV) or (V) 
is unsubstituted anthracene or anthracenes having a substituent at least at 2 and/or 9 positions. 

7. The positive resist composition according to Claim 6 wherein the compound represented by formula (IV) or (V) is 
9-anthracene methanol. 
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(54) Positive resist composition 

(57) A non-chemically enhanced type positive resist 
composition comprising an alkali-soluble novolak resin, 
a quinonediazide type sensitizer and at least one of the 
following compounds (a) and (b): 

(a) an acid-generator which is decomposed by the 
action of an alkali developer and generates an acid, 
and 

(b) compounds represented by the following for- 
mula (IV) or (V): 



wherein each of R 1 , R 2 . R 3 , R 4 , R s . R 6 , R 7 and R 8 inde- 
pendently represents hydrogen, halogen, hydroxy, alkyl, 
alkoxy, aryl or nitro, each of R 9 and R 10 independently 
represents hydrogen, halogen, alkyl, aryl, nitro, a group 
of -(CH 2 ) n -OR 1 1 or a group of -(CH 2 ) n -COOR 12 in which 
R 11 represents hydrogen, alkyl, aryl or alkanoyl and R 12 
represents hydrogen, alkyl or aryl, and n is a number 
from 0 to 3 and R 13 represents hydrogen, halogen, 
alkyl, alkoxy or aryl. 



R 8 R 9 R 1 
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